A cell surface component has been isolated in partially purified form from cultured chick embryo and chick heart fibroblasts. This glycoproteiri is similar to a protein recently reported to be present at the surface of normal cells, and missing after neoplastic transformation. It is a major cell surface glycoprotein that is synthesized by cultured fibroblasts, but is not collagen. It is shown to be markedly trypsin-sensitive, and its recovery from the cell surface is dependent on cell density. It is excluded from Sephadex G-200, but is not rapidly sedimented by ultracentrifugation, and has an apparent molecular weight of 220,000. Recently, there have been several reports that a cell surface glycoprotein of 200,000-250,000 daltons is present on several "normal" cell types, but is markedly diminished or absent from their transformed variants (9-13). We report the extraction and preliminary characterization of such a protein from chick embryo and chick heart fibroblasts. The conditions of isolation should be gentle enough to permit future evaluation of its biological function.
Alterations of cell surface components have been implicated in the loss of growth control in neoplastic transformation. Changes in lectin agglutinability, adenylate cyclase activity, glycosyl transferases, and quantities of various cell surface glycolipids and glycoproteins have been demonstrated (1) (2) (3) (4) (5) (6) (7) (8) .
To forge a causal link between these changes and the altered behavior of transformed cells and to analyze the mechanisms involved will require the isolation and characterization of the pertinent biologically active cell surface components.
Recently, there have been several reports that a cell surface glycoprotein of 200,000-250,000 daltons is present on several "normal" cell types, but is markedly diminished or absent from their transformed variants (9) (10) (11) (12) (13) . We report the extraction and preliminary characterization of such a protein from chick embryo and chick heart fibroblasts. The conditions of isolation should be gentle enough to permit future evaluation of its biological function.
MATERIALS AND METHODS
Culture Methods. Secondary cultures of 10-day chick embryo fibroblasts were prepared by a modification of the methods of Rein and Rubin (14) . days of primary culture, cells were harvested with 0.125% (w/v) trypsin (Difco) plus 10 ug/ml of DNase (Schwarz/Mann), passed to 100-mm plastic dishes at 5 X 101 per 12 ml of medium, and cultured to a necessary final cell density of about 2.5 X 105/cm2. Primary cultures of minced 7-day chick embryo heart ventricles were established in 25-cm2 plastic culture flasks (Falcon) . Secondary cultures were prepared at densities of 6 to 8 X 100 per 100-mm dish from the outgrowths after 2 days in culture.
Abbreviations: HEPES, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid; NaDodSO4, sodium dodecyl sulfate; CSP, cell surface protein; MW, molecular weight; PAS, periodic acidSchiff. * Isolation of Surface Protein. The following extraction procedure maximized purity and yield of the cell surface protein, and minimized retraction of the cell monolayers. Cultures were rinsed three times with Hanks' balanced salts solution buffered with 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), pH 7.4 (Calbiochem). Cells on 100-mm dishes were then extracted 2. hr at 370 in 5 ml of serum-free Dulbecco's. medium with glutamine on a gyratory shaker (model G-2, New Brunswick Scientific) at 30 rpm.
This first extract in serum-free medium was discarded, and the monolayers were washed once with HEPES-buffered Hanks' solution. The cells were then further extracted for 2 hr in serum-free medium to which urea (Schwarz/Mann, ultra-pure) was -added to a final concentration of 0.2 M immediately before use. This second extract was removed, chilled, and centrifuged at 25,000 X g for 15 min.
Cell loss after this extraction protocol was minimal: <0.8% of the total was found in the pellets, and no loss was detected when parallel dishes before and after extraction were compared (1.4 X 107/100-mm dish compared with 1.6 X 107, respectively). Little The cylindrical gels used an 0.5% ethylene diacrylate crosslinker (Borden Chemical Co., Philadelphia) in a 0.1% NaDodSO4-0.5 M urea system (16, 17) . Slab gels were run at 25 mA until the bromphenol blue marker reached the end of the gel (1.5-2 hr); cylindrical gels were run at 12 mA per gel for 4.5 hr. Gels were fixed and stained for protein with Coomassie Brilliant Blue (Schwarz/Mann) by various protocols (18, 19, or 20) without apparent differences in results. Cylindrical gels of radiolabeled samples were frozen unstained or after protein staining. They were sliced, solubilized, and counted as described (17) . Slab gels were dried as described (15) Periodic acid-Schiff (PAS) staining for carbohydrate was performed on cylindrical and slab gels (22, 23) ; NaDodSO4 was removed by prefixation (24) . The electrophoresis standards listed above were routinely included as controls. Weak, variable staining of myosin or other nonglycoproteins was encountered even with shortened periodic acid incubations. Such weak, nonspecific staining of controls necessitates caution until it is possible to obtain sugar analyses of purified cell surface protein (CSP). RESULTS Cell Surface Protein. There are more than 50 Coomassie bluestaining bands of apparent molecular weight (MW) >20,000 in gels of cell homogenates (Fig. la) . Of these, eight bands were labeled with 125I by a lactoperoxidase-mediated reaction (Fig.  ld) . One heavily labeled band near the top of gels is very sensitive to mild proteolysis ( Fig. lb and e ). This fact, plus the demonstration by others (10, 25) that the labeling procedure attaches iodine to accessible tyrosine-containing peptides, supports the notion that this band represents a cell-surface component. This surface protein appears broad, with diffuse boundaries in Coomassie blue-stained gels (Fig. la) .
Removed by Gentle Procedures. Cell cultures extracted with serum-free medium release proteins that can be concentrated and run on polyacrylamide gels. The major band seen on such gels corresponds to the prominent, diffuse, iodine-labeling, trypsin-sensitive protein band seen in gels of cell homogenates. The yield of this cell surface protein (CSP) can be increased considerably by including 0.2 1\1 urea in the extraction medium. Its purity can be improved by extracting sequentially in serum-free medium, then in medium containing 0.2 M urea ( Probably Glycoprotein. In NaDodSO4 homogenates of whole cells, the CSP stains with PAS indicating that it is probably a glycoproteie, as suggested by others (9) (10) (11) (12) (13) 29) . Isolated CSP also stains with PAS (Fig. 2e) . Treatment of cell monolayers or the isolated CSP with low levels of trypsin (0.0001% at 370 for 3 mn ) results in a loss of the PAS-stained CSP band on NaDodSO4 gels (Fig. 2d andf) Large Molecular Weight. The apparent MW of the CSP is 220,000, on both the cylindrical and slab gel systems (assuming a MW of 200,000 for myosin). This value could be an overestimate, since some glycoproteins migrate anomalously in NaDodSO4 gels (30) . However, the identical molecular weight estimates from two systems of differing crosslinking, as well as from 10% slab gels, support this estimate (see ref. 30) . The apparent MW was not affected by treatment of the samp'le with 10 mM EDTA or by reduction for over 1 hr in 0.1 M dithiothreitol at 37ra
The CSP appears in the void volume of Sephadex G-200 columns eluted with phosphate buffer (Fig. 3) 5000-800,000 daltons, suggests that it is either a highly asymmetric molecule, or is aggregated. In addition, preliminary ultracentrifugation experiments suggest that isolated CSP sediments as a particle of less than 20S. After centrifugation at 125,000 X g in a Spinco Type 50 angle-head rotor at 40, both supernatantA and pellets were subjected to electrophoresis on 5% gels. Densitometry of the Coomassie bluestained gels revealed that 74% of the CSP remained in the supernatant after 1.5 hr of centrifugation; 43% after 2.6 hr; and 24% after 5.2 hr. Particles of 20S and larger should have sedimented within 5.2 hr under these conditions (33) .
Synthesized by Cells. The CSP peak is the predominant labeled peak on NaDodSO4 gels of extracts from chick embryo fibroblasts labeled with [14C]aminoacids (Fig. 4) . Chick embryonic heart fibroblast extracts show a similar labeling pattern when incubated 24 hr in 1 iCi/ml of [PH ]leucine, with the predominant peak corresponding to the CSP (see Table   1 ). The amino acids, [3H]tryptophan (10 0Ci/ml for 24 hr) 24 9 nd
Combined data from 4 separate experiments; each value is for 1.5 X 107 cells in a 100-mm culture dish. All extracts were centrifuged at 25,000 X g for 15 min.
* Mean of duplicate protein determinations (27) . Although protein in extracts from duplicate dishes varied by <20% within the same experiment, values from different experiments could differ by as much as 50%.
t Aliquots of NaDodSO4 homogenates or resuspended extracts were subjected to electrophoresis on NaDodSO4-polyacrylamide gels. After samples were stained with Coomassie blue, the percent of total absorbance due to the CSP peak was determined by densitometry. The CSP peak area for homogenates was defined as the difference between control and trypsin-treated samples (Fig. ic) . Peak area was proportional to CSP concentration in a dilution series. However, percent absorbance due to CSP is only a crude approximation of purity since different proteins may bind different amounts of the stain (28 (Fig. 4) . The percent of the total label on NaDodSO4 gels which was found in the CSP peak was determined. The chick heart fibroblasts were labeled 24 (Fig. 5) . Collagenase (Worthington, CLSPA, 431 units/mg) eliminates the procollagen protein bands and the corresponding [14C]proline-labeled peaks. The CSP, however, does not migrate with either of the presumed procollagen al or a2 bands, or with rat tail collagen, and is unaffected by collagenase treatment (Fig. 5) .
Recovery is Density Dependent. The amount of CSP recovered in the gentle extraction protocol was markedly dependent on cell density. Specifically, the amount of CSP recovered from a constant number of cells (107) increased linearly with increasing cell density. In contrast, the amount of CSP in whole-cell NaDodSO4 homogenates of a constant number of cells did not change significantly with increasing Proc. Nat. Acad. Sci. USA 71 (1974) ., Y " #,,-*04044 "W cell density (Fig. 6) . These results suggest that increasing cell interaction may facilitate the release of CSP. DISCUSSION A major cell surface protein (CSP) has been isolated from chick embryo and chick heart fibroblasts by sequential extractions with serum-free medium and low concentrations of urea. The procedure recovers about 5-10% of the total amount of CSP from fibroblast cultures in partially purified form. The remainder apparently remains in association with the intact monolayer of extracted cells (unpublished). Since PAS staining of the CSP band on polyacrylamide gels is relatively strong and is trypsin-sensitive, it is likely that CSP is a glycoprotein (see refs. 9-13 and 29, but also the reservations in Materials and Methods). The relative broadness of the CSP band on NaDodSO4 gels could, therefore, reflect varying glycosylation of carbohydrate side chains (36) . It could also, however, reflect polypeptide variability, e.g., a class of similar, comigrating proteins, as suggested for the erythrocyte protein, spectrin (37) .
Similar concentrations of urea release a factor from chick heart fibroblasts that restores contact inhibition of movement to urea-"transformed" cells (38) . However, while such activity can be demonstrated in impure extracts, preliminary experiments have not shown activity in more highly purified CSP preparations.
It seems likely that we have isolated the same high molecular weight surface component of normal fibroblasts which others have shown to be altered after cell transformation (9-13; also see ref. All CSP extracts were centrifuged at 125,000 X g for 1.5 hr to remove particulate matter, dialyzed against column buffer (20 mM phosphate, pH 7.0), and concentrated (31) . One milliliter was applied to a 1.5 X 15-cm column and eluted. 0, absorbance. The major absorption peaks are standards: the earliest-eluting absorbance peak is Blue Dextran; the second, unreduced bovine serum albumin; and the third, phenol red. Roman numerals indicate elution fractions, which were dialyzed, lyophilized, and subjected to electrophoresis on a slab NaDodSO4 gel. The CSP peak of each fraction was quantitated by densitometry and expressed as percentage of the total amount of CSP applied to the column. Fraction I: 0-5.3 ml, 4.8%; II: 5.3-7.5 ml, 75%; III: 7.5-9.5 ml, 10%; IV: 9.5-21 ml, <0.1%. (107) at each density by adjusting numbers of dishes and volume of extract used after hemocytometer counts (>1000 cells counted per dish). The CSP extracts were subjected to electrophoresis, and absorbance of CSP peaks was determined by densitometry. All values are expressed relative to the amount of CSP recovered from the most sparse culture. NaDodSO4 whole-cell homogenates were prepared from monolayers, and cell counts were performed on duplicate parallel cultures. Aliquots of homogenate equivalent to 3 X 106 cells were subjected to electrophoresis and measured by densitometry as above. At a density of 5 X 104 cells per cm2, cells are subconfluent; at 25 X 104/cm2, cells are highly confluent, with numerous overlaps. Even at high-densities, the absolute amount of CSP extracted was <15% of the amount estimated to be present in homogenates (see Table I ). (0) Relative recovery of CSP by extraction; (0) relative quantity of CSP in whole-cell homogenates.
AMP levels, and stimulate mitosis in previously quiescent cells (10, (40) (41) (42) (43) . Conversely, the finding that recovery of this protein increases as cells become crowded (Fig. 6) , may also relate to growth control, especially in light of evidence of increased membrane turnover in confluent cultures (44) .
A definitive demonstration of this CSP's biological function, however, requires that removal and restoration of CSP be correlated with changes in cell behavior. Preliminary studies with "251-labeled, isolated CSP indicate that measurable quantities of intact protein can be adsorbed onto chick embryo fibroblasts (in preparation). Thus, it now appears possible to deplete (by proteolysis), isolate, and reattach CSP to cells. This potentially provides a direct approach to analysis of cell surface alterations during transformation.
